There is also evidence that stress affects oral health. 10 Using unhealthy behaviors (such as smoking, drinking alcohol, and comfort eating) as coping mechanisms for stress increases risk for periodontal diseases, dental caries, and oral cancer. 10 Additionally, biological changes associated with stresses are depicted as risk factors for oral diseases. 11 There is also evidence that stresses are linked to salivary changes which result in increased susceptibility to dental caries. 12 On the other hand, the biological pathways between stresses and periodontal diseases appear to be more evident and have been addressed in several studies. 11, 13, 14 Chronic and repeated exposure to stressors affect periodontal tissues in the same manner that they affect other body systems.
14 Recent studies on the global burden of oral health suggest that the prevalence of periodontal diseases is increasing, 15 in contrast to a previous review. 16 Furthermore, periodontal diseases appear to result in an increase in disability-adjusted life years (ie, the number of years lost due to ill-health, disability, or early death). 17 Several reviews have addressed proximal risk factors for periodontal diseases, highlighting opportunities to tackle the burden of the disease. 18, 19 Fewer reviews have addressed the role of stress and psychological wellbeing on periodontal disease. 10, 11 Studies have also examined the mediating role of stress between socioeconomic position and periodontal diseases. 10, 14 While clarification of the relationship between stress and periodontal diseases might help to identify those at high risk, its main importance lies in highlighting the role of environmental and social factors that could only be addressed at a higher level.
Given the increasing global burden of periodontal diseases, and the importance of stress as a modifiable risk factor for periodontal diseases along with other chronic conditions, we conducted this narrative review pertaining to the role of stress in periodontal diseases and the different mechanisms through which stress impacts periodontal diseases.
| TH E R OLE OF STRESS IN THE COMPLEX DETERMINANTS OF PERIOD ONTAL DISEASE
Periodontal disease is a socially patterned condition with a strong behavioral component. Smoking and poor oral hygiene, associated with inadequate personal and professional tooth cleaning, are among the top behavioral risk factors for periodontal disease. 18, 19 There is also a strong genetic component that increases susceptibility to periodontal disease. 20 Certain systemic conditions are implicated in predisposing individuals to periodontitis; these include diabetes, leukemia, and acquired neutropenia, among others. 19 impact on the body, increasing susceptibility to inflammation and affecting the host immune response and endocrine systems. 8, 22, 23 Such reactions to chronic stressors affect different tissues throughout the body, including the periodontium. Unsurprisingly, the common effect of stressors on different body organs is implicated in the relationship between systemic conditions and periodontal diseases. 13, 14 Finally, examining the contextual determinants of health and related behaviors will enable identification of socioeconomic and environmental factors that impact on both stress and behaviors both directly, by limiting an individual's ability to engage in healthy behaviors and avoid unhealthy ones, and indirectly, through psychological pathways, which include stress. 8 
| TYPE S OF PSYCHOSOCIAL STRESSE S
Psychosocial stress can be defined as the physiological and psychological changes that occur in the body when an external demand or stressor taxes an individual's adaptive capacity. 24 Based on the duration of exposure, stress can be broadly classified into chronic or acute forms; however, there is no universally accepted definition or established temporal cut-off period for acute and chronic stress.
Stressors are external stimuli that cause stress in an individual and they are categorized into 3 groups:
• Disasters or crises. An unpredictable event which is completely out of the control of the individual. For instance, devastating natural disasters, such as major floods or earthquakes, or wars.
• Major life events. These are rare events that can be either positive or negative and include marital separation, imprisonment, death of a close family member, dismissal from work, and personal injury.
• Micro stressors. Accumulation of micro stressors or daily hassles can have the same negative impact on our health as experiencing a major stressful event. They occur in every individual's life; however, they are different for each individual, as not everyone perceives a certain event as stressful. 25 Acute stressors are most commonly referred to as short-term and time-limited events, whereas chronic stressors denote conditions that are longer lasting and may not be attributed to a discrete event. 26 The organizational model of the stress process that explains how chronic stress leads to deleterious health outcomes can be categorized into 3 broad stages: exposure to environmental demands or negative life events or stressors; self-evaluation and appraisal of the stressors, which could elicit negative responses in the absence of coping skills; and activation of the biological system in response to environmental and psychological demand. 27, 28 This conceptualization of stress serves as a resource for developing stress assessment tools to aid researchers to select an appropriate measure to use in different studies.
| STRESS ASSESSMENT
There are several subjective, objective, and physiological/biomedical measures to measure stress responses. In the absence of a gold standard for measurement of stress, selection of tool depends on the stressor (acute or chronic) that is presented to the study subjects, the methodological constraints of the study design, and the research question. 29 Questionnaires and interviews are the main measurement tools used to assess environmental and self-perceived stress, while biomarkers or endocrine measures help to quantify physiological or chronic stress. 23 In this section, the most widely used measures of stress will be discussed. 
|

| Stress appraisal measure
This pooled inventory of 28 items is developed based on the different aspects of 6 dimensions of primary (threat, challenge, and centrality) and secondary (controllable-by-self, controllable-by-others, uncontrollable-by-anyone) appraisal of stress. Each item is rated on a 4-point scale and an overall mean rating is obtained. 
| Impact of event scale
The Impact of Event Scale-R consists of 22 items and assesses the degree to which a distressful traumatic event impacts an indi-
vidual. An individual is required to identify a difficult situation in the past week and indicate the difficulty score on a 5-point scale,
ranging from 'not at all' to 'extremely', yielding a total score of up to 88. 
| Life experiences survey
The Life Experiences Survey is a 60-item self-reported structured interview which includes events that typically would be perceived as negative or positive. If individuals had experienced the event, they were asked to indicate, on a 7-point scale, the extent to which it had an impact. Typically, the range spans scores from extremely negative, to no influence, to extremely positive. 33 In addition to these measures, there are many other self-report instruments and structured interviews ( Table 1 ). The appropriate assessment of stress is critical for understanding the potential consequences of these disorders, as well as for the development of appropriate behavioral and pharmacological treatments. The reliability and validity of screening instruments must be carefully evaluated before they are used.
| Clinical-biochemical measures
| Neuroendocrine biomarkers
Whenever a stressor induces chronic physiological stress, there are some systemic level alterations, as well as an increase in energy production to maintain homeostasis. The neuroendocrine system is the first to be triggered and this will initiate the release of endocrine markers which can be detected effectively. The various neuroendocrine biomarkers of chronic stress currently in use include cortisol, dehydroepiandrosterone, epinephrine, norepinephrine, and dopamine.
Cortisol and dehydroepiandrosterone
The cortisol level is one of the measures most frequently used to quantify physiological stress. As a mediator of many secondary In recent years, researchers have also become increasingly interested in hair samples as another potentially practical mode of assessing the cumulative exposure to stress. Unlike other, less reliable measures, the noninvasive sampling of hair has several advantages in terms of collection, storage, and transportation. 34, 35 Furthermore, the level of cortisol in hair can also reflect both acute and chronic stress.
Epinephrine, dopamine, aldosterone, and norepinephrine
The levels of these biomarkers consistently show an increase in response to stress, regardless of whether the stress it is perceived T A B L E 1 Self-reported and structured interviews used to assess stress in relation to periodontal disease 38 Importantly, it is the frequency of acute stressors that are detrimental to health.
| Immunological biomarkers
Other commonly used biomarkers of chronic stress are the circulating levels of interleukin-6, tumor necrosis factor-alpha, C-reactive protein, and insulin-like growth factor. 39, 40 The secretion of immunological biomarkers may be altered by chronic exposure to stress.
Interleukin-6, a proinflammatory cytokine that functions synergisti- 
| Metabolic biomarkers
Changes in metabolism have been used as secondary and tertiary markers of stress. 22, 23, 43 Studies have used biomarkers such as cholesterol levels, albumin, waist-hip ratio, and glycosylated hemoglobin in combination with other biomarkers discussed above. 4, 8, 22, 23 Such biomarkers are, however, majorly confounded by many variables which makes them less reliable and less valid measures in epidemiological studies.
| Allostatic load
No single metric can accurately measure chronic stress, and this shortcoming is managed by using a compendium of biomarkers, released from different body systems, known as allostatic load, which is generally defined as the 'the price the body pays for being forced to adapt to adverse psychological or physical situations, and it represents either the presence of too much stress, or the inefficient operation of the stress hormone response system'. 22 Allostasis is an active physiological or biochemical adaptation that helps the body to reestablish homeostasis after exposure to a stressor. While the acute stress response is critical for survival, repeated or chronic exposure to stressors can have deleterious effects on the nervous and endocrine systems and on immune functions. When individuals are repeatedly exposed to chronic stressors, biological responses are induced to cope with these stressors, leading to wear and tear on the immune, cardiovascular, metabolic, and nervous systems and this is primarily marked by elevated epinephrine and cortisol levels in the body, a phenomenon known as allostatic load. 22, 23, 42, 43 As chronic exposure to stress hinders the normal functioning of the physiological regulatory system, the status of the biological system should be considered for allostatic load measurement. The first study to validate these interlinking. The cascading relationships were validated initially by the McArthur studies of successful aging.
8,23
The study contains information about the 10 parameters which determine the physiological status of the hypothalamic-pituitaryadrenal axis, sympathetic nervous system, metabolic processes, and cardiovascular system. The first four primary mediators (dehydroepiandrosterone, cortisol, epinephrine, and norepinephrine) pertaining to stress response were identified. Other mediators were indices of outcomes: metabolic (eg, insulin, glucose, total cholesterol, high density lipoprotein, cholesterol, triglycerides, visceral fat depositing), cardiovascular (eg, systolic and diastolic blood pressure), and immune (eg, fibrinogen, C-reactive protein; Table 2 
Stress biomarkers System Biomarker
Primary markers Neuroendocrine Epinephrine, norepinephrine, dopamine, salivary cortisol, hair cortisol, norepinephrine, dehydroepiandrosterone, aldosterone
Secondary outcomes
Immunological biomarkers
Interleukin-6, tumor necrosis factor-alpha, C-reactive protein, fibrinogen, insulin-like growth factor-1
Metabolic biomarkers High-density lipoprotein and low-density lipoprotein cholesterol, triglycerides, glycosylated hemoglobin, plasma glucose, glucose insulin, albumin, creatinine, homocysteine
Cardiovascular and respiratory
Systolic blood pressure, diastolic blood pressure, peak expiratory flow, heart rate/pulse Anthropometric Waist-to-hip ratio, waist circumference, body mass index
at various stages of development of stress-related health outcomes.
This can shed some insight into the pathways of pathophysiology leading to the development of disease. 
| Behavioral changes
Allostatic load reflects the influence of social circumstances and stressful life experiences, as well as behaviors such as smoking, diet, exercise, and alcohol consumption, which have been shown to contribute, in large part, to the allostatic load. Indeed, health behaviors are well-known risk factors for periodontal disease and several other health conditions. However, while stress has been shown to correlate with poor health behaviors, some would argue that the role of behavior in disease has been overemphasized, and that health behaviors are mediators of the psychosocial environment in which people live, rather than causals themselves. Social and living conditions generating psychosocial stressors and material constraints determine whether individuals take up unhealthy behaviors and whether they possess the necessary resources and motivation to care for their oral and overall health. Related to this is the link between the social environment and self-perceived health and health locus of control, which in turn affects one' s ability to change harmful behaviors. 48, 49 Furthermore, as the association between stress and periodontal disease needs to be clarified, prospective studies should take health behaviors into consideration to determine their contribution to the stress-periodontal disease relationship. 
| THE ROLE OF STRESS REACTIVITY AND COPING
It is not surprising that different studies have used allostatic load to explain socioeconomic and ethnic inequalities in periodontal diseases. Indeed, studies on stress reactivity suggest that there are variations in response to acute and chronic stressors which are mostly influenced by employment status, education, social isolation, loneliness, effort-reward imbalance, and belonging to ethnic minority. 10, 58, 59 Individuals at the top of the social hierarchy are more likely to cope with a stressful situation as they have more control over their lives and have the opportunity to engage in leisure activities to cope with daily stressors. On the other hand, those at the lower end of the social hierarchy are subjected to more frequent stressful situations and have fewer opportunities to engage in healthy activities that would help cope with stress; by contrast, they are more likely to engage in unhealthy behaviors, such as smoking, binge drinking, and comfort eating, as a coping mechanism.
| PERSONALIZED PE RIODON TICS AN D ALLOSTATIC LOAD
Categorizing the patients into specific risk groups has been adopted in medicine and dentistry for years. However, with advances in medical sciences and laboratory investigation, and the ease of access to knowledge by healthcare providers and patients through the internet, there is higher demand for personalized dentistry and periodontics. [60] [61] [62] The use of biomarkers of stress, either individually or as a combined indicator of allostatic load, represents an opportunity to tailor periodontal intervention to individual patients based on more complex and objective markers of risk. Undoubtedly, this will improve treatment outcomes and help contain the cost of periodontal treatment. Furthermore, given the patterns of regular dental visits in most industrialized countries, understanding allostatic load and its role in periodontal diseases and in other chronic conditions (such as cardiovascular disease) could enable dentists identify and refer patients at risk of other chronic conditions, and would help the integration of dentistry with other health specialities. Finally, the use of allostatic load as a risk marker of periodontal diseases and cardiovascular diseases could also be beneficial for health promotion policies intending to tackle multiple health outcomes by addressing common risk factors.
| OPPORTUNITIES FOR FUTURE RESEAR CH
Almost none of the studies that examined the relationship between allostatic load and oral health 13, 14, 63, 64 could establish a causal relationship or temporality because they used cross-sectional data. Given the cost and difficulty of collecting repeated measures of allostatic load and periodontal diseases, these cross-sectional data were the best options available. However, considering the potential benefit of establishing allostatic load as a causal risk factor for periodontitis, researchers and funding agencies should work on developing longitudinal and intervention studies with adequate sample size to establish or refute a relationship between allostatic load and periodontal diseases. 
| CONCLUSIONS
R E F E R E N C E S
